. Rhithropanopeus harrisii is a small, euryhaline crab that occurs in estuaries from New Brunswick, Canada, to Veracruz, Mexico, and northeastern Brazil. The species also has been introduced to Coos Bay, Oregon, San Francisco Bay, California, northwest Europe, and the Black Sea (Williams, 1974) . Perhaps there have been more studies of the reproductive and developmental biology of R. harrisii than of any other crab. The nearly 100 laboratory studies of the larval biology ofR. harrisii include investigations on temperature and salinity responses (Costlow et al., 1966), toxicity (Laughlin et al., 1983) , chromatophores (Pautsch, 1967) , molting (Freeman and Costlow, 1984) , regeneration (Freeman, 1983) , biochemistry (Sanders et al., 1984) , predation (Morgan, 1987) , larval behavior (Forward et al., 1986) , and larval release (Rittschoff et al., 1985) . The common, robust adults spawn frequently and are easy to collect and maintain. The larval development of R. harrisii is brief, taking approximately 17 days to the first crab stage at 25?C, and larval survival is consistently high at about 85-90% (Costlow et al., 1966).
Individuals of Rhithropanopeus harrisii spawn repeatedly from April to September in North Carolina estuaries. Females may oviposit up to four times after a single mating, requiring 3-7 days to spawn again after hatching (Morgan et al., 1983) . Rhithropanopeus harrisii was induced to spawn into December by maintaining them in the laboratory at 24?C and under a 12:12 h day: night photoperiod (Goy et al., 1985) . In this study, we investigated the duration of reproductive activity ofR. harrisii throughout the year under laboratory conditions, and the effect of density and female: male sex ratio on spawning. Both maximization and efficiency of spawning are considered. The highest reported natural densities of R. harrisii, 40 crabs/m2 (Odum and Heald, 1972) , is between the densities used in this study. Fifty zoeae from each hatch were reared under a 12: 12 h day: night photoperiod. Ten zoeae were placed in each of five 3.5-cm diameter bowls filled with sea water of 30?C and 20%o, which was changed daily. Larvae were fed daily with an excess of freshly hatched San Francisco Bay brand (lot no. 3288) nauplii of Artemia. Larval molts and deaths were recorded daily until the zoeae metamorphosed to the first crab stage.
Results were compared by analysis of variance (AN-OVA). When there was not a significant interaction between the main effects, the Student-Newman-Keuls (SNK) means comparison procedure was used to test for significant differences between the sex ratio treatments. More clutches were spawned by crabs maintained at a higher density and female: male ratios than the lower ones (Tables 1,  2 ). The number of clutches produced per week was significantly different (SNK, P < 0.05) for all sex ratios tested. Approximately eight females spawned per week at the higher combinations of density and sex ratio (40 crabs, 4:1 and 6:1), whereas only about three spawned per week at the lowest (20 crabs, 2:1). Approximately 20-30% of the females spawned per week (Table 1) . Females stocked at the two higher female: male ratios (6:1, 4:1) produced a significantly greater (SNK, P < 0.05) proportion of clutches than those at the lower sex ratio. The highest proportion of crabs spawned at the lowest density (20 crabs) and highest sex ratio (6:1).
RESULTS

In
Mortality of females (2.4-5.3 per week) was greater at the higher density (40 crabs), but the percentage of dead females (14-20% per week) was not significantly different between treatments (Tables 1, 2) . Sex ratio did not have a significant effect on female mortality (Tables 1, 2) .
The pattern of male mortality was similar to that of females. Mortality of males was greater at the higher density (although not quite significant at P < 0.05) than at the lower density, and the percentage of dead males was similar between the two densities (Tables 1, 2 ). However, mortality of males was greatest (SNK, P < 0.05) at the lowest female: male ratio (2:1), and the proportion of dead males in habitats stocked at the low sex ratio was significantly greater (SNK, P < 0.05) than at the intermediate (4:1) but not at the highest (6:1) sex ratio (Tables 1, 2) .
Larval viability was usually good regardless of the crab density or sex ratio at which the clutches were spawned (Table 1) . However, crabs at the lowest sex ratio (2:1) and highest density (40 crabs) produced larvae that survived poorly (Table 2) . Larvae from all treatments required similar lengths of time to metamorphose to megalopae, but the larvae of crabs that were maintained at the higher density (40 crabs) took less time to metamorphose to first crab stage than those at the lower density (Tables 1, 2 ).
DISCUSSION
The length of the breeding period of R. harrisii was nearly doubled by inducing crabs to spawn in the laboratory later in the fall and earlier in the spring. The breeding season of the Neuse River population of R. harrisii extends from mid-April to late September, but in the laboratory crabs spawned for an additional four months and entered a refractory phase only from November through January.
The onset of the refractory period of R. harrisii overwintered in the laboratory during the present study is similar to that found for a subtropical population of R. harrisii in the St. Johns River estuary, Florida, although zoeae have been collected as late as November in Florida (Tagatz, 1968) . How- Spawning can be increased simply by increasing crab density and female: male ratio in the laboratory. Thus, ovigers were most abundant in habitats containing 40 crabs at a 6:1 sex ratio (8.3 ovigers per week), and were least abundant in habitats containing 20 crabs at a 2:1 ratio (2.8 per week). However, the difficulty in maintaining artificially elevated populations in the laboratory resides in the ability to collect females, since the sex ratio of natural populations in the Neuse River estuary is 1:1. Investigators encountering difficulty in collecting females should consider maintaining laboratory populations at the highest sex ratio (6:1) and lowest density (20 crabs) due to the high spawning efficiency.
Spawning was greatest when males were least abundant, perhaps because a few males can mate with many females, and because males apparently kill females as well as each other. Males are larger and more aggressive than females, which would be particularly vulnerable to attack while molting. The mortality rate of females may have increased as the density of males increased. The increase due to the concomitant rise in the number of females was thereby offset by the higher mortality rate. Mortality of females also was greater at the higher density simply because more females were present; the percentage of dead females was not dependent on the stocking density. Because the proportion of dead females was similar between all treatments, mortality of females need not be considered when selecting the density and sex ratio for a laboratory population of crabs. However, mortality of crabs might be reduced and spawning of females increased if additional food and refuge were provided.
The mean survival and duration of larvae of R. harrisii in the present study were comparable to those of larvae hatched from crabs that spawned in the wild during the normal breeding season (Costlow et al., 1966) . Thus, the viability of embryos and larvae was not affected adversely by maintaining crabs in the laboratory over a long period of time. However, low survival of larvae was observed for crabs maintained at the highest density and lowest female: male sex ratio. The poor survival may have been an artifact of the low number of hatches reared (four), but Goy et al. (1985) also obtained low survival (69%) for R. harrisii maintained at a similar density and sex ratio. It is possible that the combination of crowding and the high abundance of males in this treatment resulted in more stressful behavioral interactions for females, lower food intake, and less yolk for embryos. The duration of larval development to megalopa was similar between treatments, but inexplicably development to first crab stage took longer for those larvae spawned by females in the least crowded conditions. The maintenance of a reproducing population of R. harrisii in the laboratory is efficient and economical. Egg production can be increased by stocking crabs at high densities with a greatly disproportionate number of females. Furthermore, experimentation on the reproductive and developmental biology of temperate populations of crabs need not be restricted to summer months. The beginning and end of the refractory period may be manipulated by controlling photoperiod and temperature. Such manipulation may be useful for studies of the endocrinology of decapod reproduction.
